Objective: To evaluate the efficacy of augmented reality (AR) in the gaining of knowledge and skills amongst dental students in the design of cavity preparations and analyse their degree of satisfaction.
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AR as a variant of virtual reality (VR), with three main characteristics 3 : the combination of reality and virtual reality; real-time interactivity; and registry in three dimensions (3D). Augmented reality experiences are possible thanks to the combination of different technological elements that allow the fusion of reality and virtual reality.
A number of studies stress the importance of developing projects designed to introduce this new technology in dental schools, 4 and some authors have even evaluated student acceptance of these new tools. 5 Their use in training hygienists and dental prosthetists has been described. 6, 7 From the clinical perspective, AR has been used in maxillofacial surgery, orthognathic surgery, oral surgery and implant surgery. [8] [9] [10] [11] [12] Likewise, in orthodontics, AR has been used for placing brackets, 13 whilst in endodontics, an optimised video tool has been used to detect orifices for accessing root canals, with a view to automatically classifying teeth according to the number of canals they contain. 14 In the University of Valencia (Valencia, Spain), we have introduced AR in the teaching of operative dentistry. In this setting, one of the objectives of pre-clinical practices is teaching how to prepare Black Class I and Class II treatment cavities. A number of requirements must be met in cavity preparation to guarantee adequate resistance, retention and support for the material used, and in this regard, the understanding of cavity design is closely related to the development of spatial visual perception and the calculation of dimensions. This scenario is therefore a good starting point for the use of AR as a teaching tool in operative dentistry. On the other hand, AR is a new technology that might be attractive for students and which can serve as a source of study motivation.
The objective of the present study is to compare AR with the conventional methods used for transmitting knowledge and skills to students of operative dentistry in designing Black Class I and Class II treatment cavities and to analyse student satisfaction with this new methodology. Our null hypothesis is that AR performs similarly to the conventional methods as regards the gaining of knowledge and skills amongst students.
| MATERIAL AND METHODS

| Creation of the physical models
The first step was to create physical models of Black Class I and Class II cavities using resin teeth. Two resin permanent mandibular first molars (Frasaco AG-3, Greenville, USA) were used. A simple Class I cavity was prepared in one tooth, whilst a composite (occlusal-distal)
Class II cavity was prepared in the other. The cavities were prepared following the ideal silver amalgam cavity preparation criteria. 15 With the purpose of more clearly showing convergence of the buccal and lingual walls towards the occlusal side and divergence of the mesial and distal walls towards the occlusal side, Dupliflex silicone impressions of the teeth were obtained (Protechno, Vilamalla, Gerona, Spain) with the prepared cavity, followed by the obtainment of Malakit type IV plaster casts (Protechno, Vilamalla, Gerona, Spain). The two models thus obtained were resected-one mesio-distally and the other buccolingually-until the desired characteristics were displayed.
| Creation of the virtual models
The next step was to digitise the physical models in order to obtain the virtual models. The teeth with the prepared cavities were opacified with Cercon eye Scan-Spray (DeguDent GmbH, Hanau, Germany)-an anti-reflectant spray-and were scanned using a CAD system (Dental Scanner Ceratomic DS 900, Protechno, Vilamalla, Gerona, Spain). A grid of points was obtained and triangulated to yield threedimensional objects which were then exported to STL format files, followed by conversion to .dae type files using Google SketchUp 8
(Trimble, CA, USA) for recognition by the AR creation software.
| Generation of augmented reality models
Once the virtual models were obtained, the next step was to make them visible in AR. As one of the aims of our study was to be able to visualise the models with both computers and mobile devices, we had to use two different AR content-generating software applications:
Aumentaty Author 1.2+Aumentaty Viewer (Bienetec, Valencia, Spain)
for computer-based AR and Augment app (Augment, Paris, France) for mobile devices. The former application uses marker recognition technology to position the virtual contents three dimensionally in space.
The markers library of the program was used to assign a marker to each 3D model created. The scene relating the marker and the 3D object was entered in an .atx file and exported to the Aumentaty Viewer visioning program. An .aty file must be installed on the computer system to activate the camera, so that on positioning the marker, it is recognised and the corresponding 3D model can be visualised.
In this way, we obtained AR models visible from any perspective when the marker corresponding to each of them is placed in front of the computer camera and moved in any direction. In order to obtain the RA models to be visualized with mobile devices, the Augment application was used. To generate the models with Augment, a .zip folder with the 3D model is created (compatible formats: .dae, .obj, .stl) and the folder is loaded in a web application.
The model in augmented reality and a QR code are generated automatically. To visualise the augmented reality models generated with Augment, the mobile device must have the Augment 3D augmented reality application installed. Using these applications, the student can overlap the virtual image on the real preparation for comparison purposes (models 1 and 4).
| Implementation of augmented reality in pre-clinical practices
An informed consent form was designed for the students participating in the study. The Ethics Committee of the University of Valencia approved the study (H1392830490155).
The following inclusion criteria were applied: students enrolled in the subject of operative dentistry for the first time, with no prior experience in the preparation of treatment cavities, and no prior experience in the use of AR.
The study population consisted of all third-year dental students in the University of Valencia. The students were divided into two groups: experimental (AR) and control. Seven students were excluded because they failed to meet some inclusion criterion. The students were assigned to the groups according to the time distribution of the practices: the AR group consisted of 21 students, whilst the remaining 22 students constituted the control group.
One investigator assigned a code to each student, identifying the corresponding questionnaire on knowledge and the cavity preparations made by that subject, for subsequent evaluation purposes. The rest of the investigators were blinded to evaluation of both knowledge and skills.
The first practice was termed "OC-3": simple Class I cavity preparation, whilst the second practice was termed "OC-4": composite Class II cavity preparation.
The traditional teaching resources employed with all the students comprised previous theoretical classes as scheduled by the general lecture program; a written guide on each of the practices, available in the Virtual Classroom (an internal e-learning system), with images and descriptions of the characteristics of the design of each cavity;
an audiovisual presentation of the design corresponding to each of the practices, provided by the teacher at the start of the practice; and teacher instructions provided in the course of the practices, based on previously established uniform criteria.
In addition, the experimental group received an explanation of augmented reality and of the operation of the visualisation systems (Aumentaty Viewer and Augment). Four computers equipped with the Aumentaty Viewer software, and incorporated camera, and .aty files corresponding to the 3D models specific of each practice were available. One computer and one marker were assigned to each group of 5 students. Furthermore, each student received a mobile device with the Augment application for use at any time during the practice, with augmented reality models specific for such devices.
Students could use both systems. Positioning the marker in front of the computer, they could see the 3D image of the cavity, all its surfaces and details, from different aspects just moving the marker. The same procedure could be used to get a magnified image of the cavity.
The application for mobile devices needs to be previously installed, and then, in the "photo" position, students could observe both the laboratory model and the 3D image (AR), and in the same way, they could move or zoom the image.
| Evaluation of the theoretical knowledge acquired
All the students completed a questionnaire before, immediately after each practice and again after 6 months, assessing 10 theoretical concepts, each of which could be scored as 0/1.
The questionnaire presented images of each of the cavities, with a number assigned to each part of the cavity, to be related to the correct concept. Four types of skills were assessed in relation to Class I cavi- Finally, another questionnaire was used to evaluate student satisfaction with the AR-based learning method. This questionnaire was used only in the experimental group.
| Evaluation of the skills acquired
A professor of the subject evaluated the cavities made, based on the 
| Evaluation of satisfaction
An 11-item questionnaire was used to assess student satisfaction with the AR technique and to rate the ease of use of the method. The students were asked to score their agreement with each item based on a modified Likert scale from 1 to 5 16 (1=least favourable, 5=most favourable).
Three of the items (1, 2 and 8) addressed the degree of satisfaction of the students with the AR resources; another three (5, 10 and 11) examined student perceived usefulness of the technology; two (3 and 4) assesses the ease of use of the resources; two (6 and 9) examined student self-perception of the knowledge gained; and one (7) evaluated student preference for either AR or the traditional teaching methods. Another two questions were added: one asked the students to score their experience from 1 (least favourable) to 10 (most favourable), whilst the other asked them to choose their preferred AR visioning system: mobile device, computer, both or none.
A detailed description of the evaluation questionnaire can be seen in Figure 1 .
| Statistical analysis
The SPSS statistical package (SPSS Inc., Chicago, IL, USA) was used for analysis of the data. The Mann-Whitney U-test was applied for comparing the correct responses of the questionnaires referred to knowledge before, immediately after and 6 months after the practices between the two groups, as well as for comparing the data referred to cavity width and depth. In turn, the Wilcoxon test was used to compare intragroup differences in the number of correct responses of the questionnaires referred to knowledge before, immediately after and 6 months after the practices. The chi-square test was used to compare the qualitative parameters of the cavity designs between the groups. Lastly, the Cronbach α coefficient was used to measure the internal reliability of the satisfaction questionnaire. Statistical significance was considered for P<.05 in all cases.
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| RESULTS
One student in the experimental group was excluded from the study due to previous experience in cavity preparation, and one student in the control group was excluded due to failure to participate in the first practice. The final study sample therefore consisted of 41 students.
| Results referred to knowledge gained
The experimental group consisted of 20 students (90% females and (P=.02) 6 months after the practices, and also in relation to the skills "cavity," "walls" and "angles" (P=.03, P=.01 and P=.01, respectively).
In contrast, no significant improvement was observed in relation to T A B L E 1 Correct responses (mean±SD) referred to skills before, immediately after and 6 months after the practice for Class I cavity preparations the skill "floors" (P=.36) also 6 months after the practices. Significant improvement was recorded for all skills in the experimental group (P<.05) 6 months after the practices too.
| Results referred to skills acquired
A double evaluation was made. First, width and depth of Class I cavities and occlusal boxes from Class II cavities were evaluated, and on the other hand, qualitative questions (described in the Evaluation of the skills acquired at the Material and Methods section) were considered.
Mean values referred to width and depth of Class I cavities were significantly higher in the control group (P<.05), although no significant differences were observed between the two groups in the occlusal box of Class II preparations (Table 3) . Figures 2 and 3 show the percentages of students that prepared the cavities correctly in relation to each of the study parameters.
Although the results corresponding to most of these parameters were found to be better in the experimental group, statistical significance vs the control group was only recorded in the Class I preparations for cavity depth and extent (P=.02 and P=.04, respectively), and in the Class II preparations referred to divergence of the buccal and lingual walls towards distal as seen from the occlusal side (P=.02) evaluated using the chi-square test.
| Results referred to student satisfaction
Only the experimental group (n e =20) completed the satisfaction questionnaire.
The Cronbach α coefficient was used to measure the internal reliability of the satisfaction questionnaire, yielding a value of 0.84 (an instrument is considered to have internal consistency and is regarded as reliable for coefficients of >0.7).
Findings for each of the items of the questionnaire (mean and standard deviation) can be seen in Figure 4 . All the questions received a score of over 3, with the exception of question 11, which yielded a mean score of 2.95. This question addressed student preference for a mobile device vs a computer when using AR.
The experience was described as favourable or very favourable by 100% of the participants-this question receiving a mean score of 7.95±1.02.
In general, the students reported a preference for using the computer (60% of the cases), whilst 30% reported no preference, and 10%
reported preference for the mobile device.
| DISCUSSION
Based on the results obtained from the questionnaires and cavity preparations, our null hypothesis must be partially accepted, because despite of the absence of a significant improvement in the level of knowledge between both groups, the experimental group improve most of the skills (but only some of them in a significant way).
Both groups had similar initial theoretical knowledge, and both clearly improved their level of knowledge following the practices.
Although the final learning outcome was similar in the two groups, even 6 months after the practices, the experimental group showed significantly greater improvement in most of the skills referred to Class I preparations and in all the skills referred to Class II preparations. It should be underscored that cavity preparation and understanding of the different parts of the cavity are strongly conditioned to spatial Despite there has not been a significant improvement in theoretical knowledge, a better tendency can be seen in the experimental group for some of the evaluated items. This improvement in the understanding of certain theoretical concepts was associated to better performance in preparing both Class I and Class II cavities in the experimental group. The cavity preparation parameters in which the experimental group showed better results than the control group were the width and depth of the occlusal cavity in the case of Class I preparations, and divergence of the buccal and lingual walls as seen from the occlusal surface in the Class II preparations-these aspects being strongly conditioned to spatial vision. Other parameters likewise characterised by important spatial vision requirements showed no significant differences between the two groups, although a greater percentage of students in the experimental group were found to comply with the correct cavity design criteria.
Sample size could be a limitation in the present study, so results should be considered as preliminary. The AR procedure showed a tendency towards learning improvement in some areas, mainly in those items related to skills (as previously mentioned); nevertheless, both groups obtained similar results in some of the items.
To our knowledge, no studies have evaluated the gaining of knowledge and skills with AR in designing therapeutic dental cavities.
However, it must be mentioned that the investigations on the usefulness of AR in gaining knowledge in other fields have indeed obtained positive results, in coincidence with our own findings. As an example, the ARISE project, which compared the learning results referred to the gastrointestinal system in primary school, concluded that AR tools significantly improve certain tasks in comparison with the use of other instruments. 16 In university education, favourable and statistically significant results have also been recorded on comparing AR applied to the learning of legal medicine vs the use of textbooks. 17 Another study combining AR using a mobile device with a MagicBook, developed for teaching neuroanatomy to medical students, reported better learning results when using this type technology vs the traditional methods. 18 A number of studies have been made in relation to ongoing training in different medical settings. In this respect, mention must be
Percentage of qualitative variables related to the design of Class II cavities. Data were compared with the chi-square test F I G U R E 4 Average score based on the 5-point Likert scale given by students to each question made of a systematic review analysing experiences in neuroanatomy, endoscopic surgery and ultrasound. In all these areas, AR was found to be a very promising and useful tool for gaining knowledge and skills. 19 With regard to the satisfaction questionnaire, internal consistency assessed with the Cronbach α coefficient showed the instrument to be highly reliable. The item of the satisfaction questionnaire with which the students showed the strongest agreement was "I found the computer-based augmented reality program to be easy to use." In contrast, the item yielding the poorest score was "I found AR with the mobile device to be more useful than with the computer." On furthermore considering that 60% of the students preferred the computer for visioning, vs only 10% who preferred the mobile device, it can be concluded that the computer was the system preferred by the students, thanks to its easy handling characteristics and usefulness. In addition, the computer offers a bigger image, and mobile devices show smaller images, and students tend to compare its works with the AR model at each step; on the other hand, we think the app for mobile devices needs improvement to reach a more comfortable use.
This finding also suggests that students perceive greater usefulness or believe that they can learn more, with interactive models which they can move and visualise from any perspective (as when using the computer), than when establishing real-time comparisons between a virtual cavity and a cavity which they have been preparing-a feature only afforded by the mobile device. It can be affirmed that the experience was very positively rated by the students, as a score of 9 or 10 was recorded in practically one-half of the cases. None of the students yielded a score of less than 5. The opinion of the students was very favourable to the incorporation of AR in other teaching areas and activities.
With regard to student self-perception of the knowledge gained, approximately 65% claimed to "agree" or "strongly agree" that AR is useful in practices of this kind. In turn, 90% claimed to "agree" or "strongly agree" that the spatial concepts are easier to understand with AR than with other methods. However, a range of opinions were recorded when the students were asked whether they had learned more with AR than in a conventional lecture, or whether the concepts were easier to understand with AR or projected images-although AR continued to receive a favourable rating in these areas. It must be taken into account that this technology was completely new for the students and that each individual required a learning curve to use these interactive methods.
We have only found one previous publication on AR-generated objects in the teaching of dentistry. The study assessed student satisfaction and acceptance of the technology, with results similar to our own. 5 Studies in other teaching scenarios have reported a clear preference for AR vs more traditional resources. 17, [20] [21] [22] [23] Based on the results obtained, we consider these new technologies to be a stimulus for students and propose their use in teaching activities-particularly in areas where spatial vision is important, as in designing treatment cavities.
| CONCLUSIONS
The findings of the present study revealed that only some of the studied skills were better in the experimental group. Further testing in a larger sample size is necessary to evaluate the efficacy of augmented reality in the gaining of knowledge and skills amongst dental students.
